Abstract: The fresh water catfish is the most predominant species of the teleost bred in captivity in
I. Introduction
In silurid fishes and indeed vertebrates, spermatozoa develop from spermatogonial primordial germ cell which first proliferates by a series of mitotic divisions, then differentiates into primary spermatocytes that undergo first meiotic division to produce haploid secondary spermatocytes and an equational division to become round spermatids. The haploid spermatids undergo a maturation process including development of a flagellum into motile spermatozoa endowed with fertilizing capacity. These are released into the lumen of seminiferous tubules during spermiogenesis. Both processes (spermatogenesis and spermiogenesis) are controlled and regulated by the somatic interstitial cells of Leydig that produce gonadal sex steroid hormone .The production of sex hormones by activation of Leydig cells initiates the process of spermatogenesis which is sustained by the Sertoli cells. The Sertoli cells referred to as sustentacular cells provide an environment for differentiation and maturation of the germ cells and separate them from all other cells through the bloodtestis-barrier by forming Sertoli/germ cell complexes in the germinal epithelium [1] .
The number of functional spermatozoa produced by each primordial spermatogonium A is a function of the number of B type spermatogonia committed to undergo meiosis which in turn depends on the number of mitotic divisions that the B type spermatogonium undergoes before differentiation into primary spermatocytes. This number is genetic and species specific [2 ;3] . Various numbers have been reported in different species, including the guppy fish 14 generations [4] Zebrafish 9 [5] , rainbow trout 6 [6] . The resultant primary spermatocytes must undergo two meiotic divisions before differentiation, and maturation into spermatozoa. In fish, spermatogenesis has been reported to occur in cysts [7; 8; 9; 10; 11;12] with the proliferating germ cells at the same stage of maturity forming clones surrounded by extensions of the Sertoli cells even as its number per cyst is species specific [13] . The increase in cyst volume has been reported to coincide with rapid mitotic division of the spermatogonia and would cease as occluding junctions begin to appear between neighboring Sertoli cells [ 14] . Germ cell degeneration, accompanied by cellular loss, has been reported during spermatogenesis in fish [13; 3] and in domestic fowl Gallus domesticus [15] . The number of spermatids supported per Sertoli cell is a function of the cellular carrying capacity of the Sertoli cell; viz: 100 in Tilapia and guppy [16] 8-10 in rats and mice [17] , and approximately 100 in the domestic fowl, Barred Plymouth Rock [18] .
II. Materials And Methods

Location of Experiment:
The 
Experimental Fish and management protocol:
Fingerlings of Clarias gariepinus were procured from Tonebo Farms and transferred in a fifty litter jerry can with water to the Department of Applied and Environmental Biology. They were reared in three tanks in triplicate and fed with standard ration from February to October 2013.Water temperature was monitored throughout the period of the experiment. All fish used in this investigation were captive-bred in the pond which was drained with a motorized pump and fresh water was introduced daily. The rearing environment was basically disease-free. All experimental procedures were conducted with full compliance with the institutional animal care protocols at the Rivers State University of Science and Technology, by following approved guidelines and ethics for the treatment of experimental animals.
Experimental Procedure:
Thirty adult male (nine months old) fresh water catfish, Clarias gariepinus, selected randomly with mean body weight of 965.88±15.42g were used for this investigation.
Data Collection
Data was collected on body weight, histology of the testes, cytology and quantitative measurements of the germ cells in the cysts of the seminiferous epithelium. Evaluation of the number of primary spermatocytes and spermatids was carried out by counting with ocular graticule.
Histology of the testis:
Fish were weighed and euthanized with ethyl ether, after which they were dissected and the testes removed. Known weights of the samples of the right testis were fixed in Bouin's fixative solution for 24 h.Tissues were washed in 70% ethanol and thereafter dehydrated in increasing concentrations of ethanol, cleared in three changes of Chloroform and embedded in paraffin. Histological sections of 5mµ thick were floated and flattened in water at 40 o C, then picked with clean slides smeared with Mayer's egg albumin and stained with Hematoxilyn and eosin(H&E) [18] . Stages of spermatogenesis, cytology and cellular histometry were carried out on 20 randomly selected lobules which were observed at low magnification(X10). Identification of spermatogenic elements and histometric analyses were carried out at X100 oil immersion lens, using a digital Microscope Model DB1-180M . Images were captured, processed, and the cellular diameter was determined with a DN2 software.
Identification of Spermatogenic Elements
Cells repeatedly found together and nursed by the same Sertoli cell at different stages of spermatogenesis were noted and considered as associations. Spermatogonia were identified by their unique location adjacent to the Tunica albuginea. They appeared to produce new spermatogonial cysts characterized by the distribution of marginal heterochromatin. All cellular morphology was identified according to the combined methods of previous authors [19 ; 1; 5] . The primary spermatocytes were identified by their nuclear size, the chromatin spread and by the presence of meiotic metaphase figures . The spermatids were identified by the nuclear diameter, and by their position close to the collecting duct.
STATISTICAL ANALYSIS
All data collected were subjected to paired t-test to assess the difference in the number of germ cells observed in the same clones in different samples using the XLSTAT 2012 package.
III. Results
The results of the histometric and histomorphological assessment of the testis of Clarias gariepinus carried out on Hematoxylin -Eosin -stained paraffin sections of the seminiferous epithelium are presented in Fig. 1 .(A-U). The cross section of the testis revealed two compartments, the interstitial compartment which occurred between the seminiferous lobules and accommodated the interstitial cells of Leydig, macrophages, blood and lymphatic vessels and fibroblasts, and the tubular compartment represented by germinal seminiferous tubules. The tubular compartment was populated by the spermatogenic cells and Sertoli cells.
Spermatogenesis occurred in cysts, and the germ cells at the same stage of maturation formed clones around the Sertoli cell. Clones of different germ cell types were observed per cyst: spermatogonia spgB (Fig.1A) , early primary spermatocytes 1 o spc (Fig.1A) , late primary spermatocytes with meiotic figures (MI) (Fig.1A) , secondary spermatocytes (2 o spc) and spermatids (R) (Fig.1A. ). The interstitial cells of Leydig were found in clusters of about 8-10 cells with spherical nuclei with respect to cytoplasm/nuclear ratio. The cytoplasm was also quite eosinophilic while the nucleus was ovoid with relatively diffused heterochromatin pattern (Fig.1B   * ( . IC). Also observed was spermatogonia A differentiated (arrow).
Spermatogonial generations and Sertoli cell barrier
A section of the cyst showing A-type spermatogonium undifferentiated (spgA und), Leydig cells (LC) and spermatogonia B undergoing division into a clone (spgB) is shown in Fig.1B ** . Spermatogonia B was observed to systematically proliferate by mitotic division into B 1 (Fig.1D) B 2 (Fig.1C) B 3 (Fig.1E) B 4 (Fig.1E) B 5 (Fig.1E,F&G) B 6 (Fig.1E &G) clones ( Fig.1C-J) . Spermatogonia went through 5 mitotic divisions to produce 6 generations before they became committed to undergo meiotic division as primary spermatocytes. The last mitotic peaks producing B 6 cell clones appeared to be crucial as seen by the now very prominent Sertoli cell nuclei (SC) (F1. G&H), the cytoplasm of the Sertoli cell has expanded to surround the germ cell clones thereby demarcating the basal compartment from the adluminal compartment. This process also resulted in the formation of tight occluding junctions between neighboring Sertoli cells termed the blood -testis barrier (Fig.1G&H) ,more spermatogonia B can be seen in Fig.1 (I&J) . B-type spermatogonia that have completed the last mitotic division in the basal compartment are transferred by the expanding Sertoli cell cytoplasm into the adluminal compartment, thereby committing them to undergo meiotic division.
Meiotic and Postmeiotic germ cells
Differentiation into early stage primary spermatocyte (1 o spc) was observed in Fig.1K , also shown are secondary spermatocytes undergoing second meiotic division (MII) as well as early stage spermatids (R).The early primary spermatocytes Leptotene/Zygotene (LZ) are highlighted in Fig.1L . The primary spermatocytes were identified based on their nuclear diameter and the spread of heterochromatin. The Leptotene/Zygotene was characterized by intensely stained chromatin clumped together at the center or towards the periphery of the nucleoplasm. Pachytene spermatocytes were smaller than the zygotene with condensed chromatin visible as tangled threads throughout the nucleoplasm (Fig.1M) .Several stages of cellular development were captured in association in this cross section including spermatogonia A, Pachytene primary spermatocytes (P) secondary spermatocytes (2 o ) and spermatids (R) all in a linear cluster around the Sertoli cell (SC). Diplotene primary spermatocytes are shown in Fig.1N in association with first meiotic metaphase figures (MI), secondary spermatocytes (2 o ) with second meiotic metaphase figures (MII), spermatids in early maturation and late stages undergoing differentiation and maturation into spermatozoa ( R).Pachytene primary spermatocyte (P) is highlighted in Fig.1 O, while second meiotic metaphase(MII) and maturing spermatids ( R ) are highlighted in Fig.1P . Diplotene (D) , first meiotic metaphase( MI) and matured spermatids (R 3 ) are shown in Fig.1Q . The process of spermiation and release of matured spermatozoa into the lumen is shown in Figures  1S-U . It is worthy of note here that spermiation did not occur throughout the entire cyst simultaneously, rather, the most mature clones undergo spermiation while the immature one continue in development. Fig.1C) .Early(arrow) and late (spgB) clones of B type spermatogonia (Fig.1D) .Four generations of spermatogonia B (B 2 ,B 3 ,B 4 ,B 5 ) lumen without spermatozoa (Fig.1E). Fig.1F shows early and B spermatogonia (B 3 ,B 4 ), Leydig cell (arrow head).Late spermatogonia B(B 5 ,B 6 ), Sertoli cell(sc) cytoplasmic processes expanding to surround the late B spermatogonia following the last mitotic division and forms tight occluding junctions as blood -testis barrier between neighbouring late stage spermatogonia B clones.More B type spermatogonia are shown in Fig.1 (I&J) . Early primary spermatocytes (1 o spc) at Leptotene/Zygotene (L/Z),secondary spermatocytes undergoing second meiotic division(MII),early round spermatids (R)( see Fig.1K ).Early primary spermatocytes (L/Z) are shown in Fig.1 (L) .Late primary spermatocytes at Pachytene (P) and secondary spermatocytes (2 o ) with spermatids (R )can be seen in Fig.1  (M).Fig.1 N shows Fig.1( O).Fig.1P , has early stage spermatids while Q&,R show late stage spermatids ( R arrow) awaiting spermiation.The process of spermiation cen be observed in Fig.1 S,T,U. 
IV. Discussion
4.1Testis structure
The gross structure of the testis of the African catfish Clarias gariepinus showed paired elongated lobes with the caudal region presenting ostentatious seminal vesicles [11] in contrast to other species [6] .The paraffin processed section stained with H&E showed a remarkable similarity to the testicular epithelium of vertebrates including other fish species as Tilapia [5] , Atlantic cod [19] , mammals [17] , domestic fowl [18] . The testicular cross section was composed of two compartments, the interstitial compartment and the germinal epithelium. The interstitial compartment contained the Leydig cells identified by their nuclear morphology and by their location, as well as, presence of blood vessels and connective tissues (Fig.1B) various stages of development. This investigation confirmed earlier report [11] that the germinal epithelium of Clarias gariepinus is cystic in nature (Fig.1A) as other reports [1; 5] . Spermatogenesis in this species progressed from the spermatogonia type A undifferentiated (spgA und) identified as a single cell not connected to clone members and having large pale ovoid nucleus (Fig.1B ** ) followed by differentiation into B type .Note the beginning of mitotic proliferation of type B spermatogonium ( spgB). Each clone appears to be enclosed by the Sertoli cell cytoplasm, maintained and nurtured through the two meiotic divisions until spermiation.
Spermatogonial generations
The arrangement of the spermatogonia population appeared to be similar to the unrestricted arrangements as spermatogenesis occurred along the entire length of the testis. Spermatogonia arrangement has been described in Gadus morhua [19] , tilapia, Oreochromis niloticus [20] ,Solea senegalensis [21] , In Clarias gariepinus a cyst contains several clones of germ cells at different developmental stages, each clone supported by a Sertoli cell, thereby exhibiting the characteristic histological picture of fish testes in Fig.1 .The spermatogonia germ cells went through 5 rounds of mitotic proliferation 6 generations of differentiated spermatogonium ( B 1 (2 cells) (Fig,1D) , B 2 ( 4 cells) (Fig.1C), B 3 (8 cells)(Fig.1E) ,B 4 (16 cells) (Fig.1E & F) , B 5 (32 cells ) (Fig.1E & F) , and B 6 (64 cells ) (Fig.1E & G) identified on the basis of their nuclear heterochromatin distribution which appear as lumps on the nuclear envelop, the number of cells per clone, their characteristic clustering around the Sertoli cell, their location close to the basement membrane in the basal compartment for the early B type and bridge formation of daughter cells due to incomplete cytokinesis observed in the late stage B spermatogonia (Fig.1C-J) .The number of generations of proliferating spermatogonia is species specific as it is genetically determined. Various numbers have been reported in different species; 14 generations in the guppy [4] ,6 in the rainbow trout [6] , 5 in African catfish [3] ,9 in the zebrafish [5] and 8 in Tilapia [1] . There was a systematic reduction in the germ cell volume with each mitotic division (Fig.1B-J) . The A und spermatogonia was observed as the largest germ cell (Fig.1 B) and appeared individually with oval nucleus and one nucleolus, little or no heterochromatin in the nucleus and a relatively large cytoplasmic volume.
Meiotic and Postmeiotic germ cells
Following the last mitotic division the B spermatogonia clones differentiated into meiotic cells at early stage primary spermatocytes (Leptotene/Zygotene) (Fig.1K-L) .This process transferred the differentiating cells from the basal compartment to the adluminal compartment by the due expansion of the Sertoli cell cytoplasm to surround the differentiating B spermatogonia clones. Simultaneously, the Sertoli cell also created tight occluding junctions forming the blood-testis barrier between the basal and the adluminal compartment (Fig.1G&H) .The primary spermatocytes were identified with light microscopy based on their nuclear characteristics such as size, diameter, degree of condensation of heterochromatin, as well as, the presence of meiotic metaphase figures associated with Diplotene primary spermatocytes ( Fig.1 K-Q) . The early stage primary spermatocytes Leptotene (Fig.1K-L) would complete differentiation into Zygotene→ Pachytene (Fig.1  M) → Diplotene (Fig.1N,Q) → first meiotic division (MI) (Fig.1N ) → secondary spermatocytes (2 o ) (Fig.1M,N) → second meiotic division (MII) (Fig.1P ,Q) → spermatids (R) (Fig.1M,N) and maturation into spermatozoa (Fig.1S,T,U) .The leptotene/Zygotene were characterized by intensely stained chromatin clumped together at the center or towards the periphery of the nucleoplasm. Pachytene spermatocytes were smaller than the zygotene with condensed chromatin visible as tangled threads throughout the nucleoplasm (Fig.1M) .Several stages of cellular development were captured in association in this cross section including spermatogonia A, Pachytene primary spermatocytes ( P) secondary spermatocytes (2 o ) and spermatids (R ) in a linear cluster around the Sertoli cell, almost like other vertebrate epithelium.This type of association had been reported in the Atlantic halibut Hippoglosus hippoglosus [22] .Diplotene primary spermatocytes were observed in association with first meiotic metaphase figures (MI). ).Secondary spermatocytes undergoing equational division known as meiosis II were also sometimes found associated with meiotic metaphase figures(MII) and early round spermatids (R). The round spermatids went through maturation into spermatozoa with spherical nucleus having one flagellum, and showing no evidence of acrosome. These mature spermatozoa were released from the Sertoli cell cytoplasm into the lumen during spermiation (Fig.1S,T,U) .This characteristic feature has been described in other teleost species spermatozoa [23; 24,].
Sertoli cell efficiency
Each spermatogonium A, would, theoretically, produce 64 B type spermatogonia to differentiate into primary spermatocytes and undergo two meiotic divisions to produce theoretically 256 spermatids. However, quantitative analysis of the spermatogenic cells revealed cellular loss of approximately 32% as at the last mitotic division such that fewer spermatogonia were committed to meiosis. During the first meiotic division (MI), another 32% loss was observed. These cellular losses reduced the actual number of spermatozoa produced by one primordial spermatogonia to approximately 100. The cellular carrying capacity of the Sertoli cell being species specific thus determined the percentage cell loss during spermatogenesis. Cellular maturation and spermiation only occured in the most advanced clone.There was no synchronized spermiation of all clones in the cyst (Fig.1S,T,U) . Therefore, it appeared each cyst of the catfish simulated the spermatogenic process that occur in the seminiferous epithelium of the mammalian testis. It is concluded that spermatogenesis in captive bred African catfish Clarias gariepinus is cystic, that spermatogonia arrangement in the cysts is unrestricted and they go through 5 mitotic divisions to produce 6 generations of differentiated spermatogonia B. After two meiotic divisions of the spermatocytes, approximately 100 round spermatids are produced which mature into mono-flagellated spermatozoa following 32 % germ cell loss during the last mitotic division and at the second meiotic division , indicating that only about 68% of the germ cells completed spermatogenesis in the fresh water African catfish.
